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83yjn>TaTH paoneTOB rapnar— HeycTQflHirfiocTH njiaa- 
ueHHoro may pa b crjo,hom npoAiurbaou liapwmSjTnojie jyw pasflB'taia 
npojnaefl TOKa. Paocuotpean b npoaHajmsapoBaHU cTeneaaue npogBBB 
Toaa j ~ Jo (l - (■£ ) 0 '^Jtffii^paanaaHHi 3HaaeHHfl napaMerpoB jo 

h v . HeoaenoB^ar^paHr-H^ycToflaHBOCTB oraaaeHHHx royxcTy- 
neHaaTux npajjjuiB#; nooipoeHH "onraMaxtHHe* crjiaxeame HByxcTy- 
neHaaTHe^Hpo^am , ycToflaaBHe oTHocHTeaBHO^aDOux bhhtobhx apyrao- 
5HHX B03My«eHHfl. 


COMPUTATIONS OP THE CURRENT PROFILE INFLUENCE 
ON THE TEARING INSTABILITY 

P.M. Blecher , N.M. Zueva, E. I. Yurchenko 

Results of the computations of the tearing instability 
of the plasma column in the strong longitudinal magnetic 

C 

field are presented for various current profiles. The 
power current profiles j = J 0 (i ~ (cl)^) are consi- 
dered and analyzed for various values of the parameters 
J3 and V . The tearing instability of smoothed 
two-steps profiles is studied. "Optimal" smoothed two- 
steps profiles are constructed which are stable with 
respect to all helical large scale perturbations. 
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I. BBegeaae 


Bnanaae npo$ajw tore, npoTenaxmero no naasMeHHOMy nmypy b 
CH jn>aoM npoAOJttHOM uaraaTHOu nojie, aa Hey ctoBhh booth , naTaenae 
saepraefl uarHHtaoro nojia Toxa, T.e. Ha BHHTOBya aey c toBhhboctb 

00 CBObOAHofl rpaaimefl a Ha thphht— H ey ctoBhhboctb , Bnepsue dmio 
paccuoTpeHo b padoiax [l] a [ 2 ] , cootb8tctb6hho . OchobhoB pe- 

3y JlBTaT 3THX pafiOT, nOHTBepjmeHHHfl B fiOJiee H03AHHX H DOAPOCHHX 
pacqeTax [ 3 - 6 ] , samnwajiOH b tom, hto odooTpeHae npo$ajm tokh, 
T.e. oodHpaaae Toaa b HeHTpa^myc nacTB nmypa, nonaanaeT ode 
KpynHOMacmradHHe rHApoMaraaraHe Hey ctoBhhbocth . 3 aueTHM, hto 
Haadojiee npocTO nosaBJianTCH BHcmae mo ah HeycToflHHBOCTefl , Bosdy- 
aaafiMHx tokom, a aasmae mo ah. npenpTaBjwnBjae HaadoAunyE) onao- 
HOCTB B peajIBHOM BRCnepHMeHTe , m.= j/-n= 1 ; m.= 3 /« = 2 

a, ocodeHHo, >n = 2 / 1 ( m. - asBJ^TaxBHoe hhojio, n. - 

1 opoa AajrbHoe hhcjio) , Tpedyra cajoaoro naRapoBaHaa tore. 

Hapany 0 nanapoBaHaeM tore b uearpe nmypa, T.e. 0 yBejuwe- 
HaeM hjiothocth tore Ha MarHaraoB oca, OHJtBHys CTadajmaapyimyi) 
poJU> Ha BHHTOBy b Hey ctoBhhboctb 00 OBodoAHofl rpaamefl oKaaHBaer 


TaKze yMeauneHae rpanaeHTa hjiothocth TOKa bOjihsh rpaHHqu naas- 
MeHHoro may pa [ 6 ] . Ilpa $aRoapoBaHHOfl hjiothocth tors b qeHTpe 
nmypa a sanaaHOM hojihom toko, npoTeaameM no nmypy, bbhtobh6 
BOBMymeHaa npa cboOoahoA rpaaane ORasajmci HyBCTBHTejn>HHMH r, 
caMOMy npogfum tore, npa btom, rbk noxasaao b padoTe [6] , npo- 
$hjih djB3Rae k peajtbHHM, ocodeHHo npa aoh ojihh t e jlbhom aanycKe ra» 
3 a Ha nepa^epaa, hto yMeHtmaeT iuiothoctb tore Bdjmaa rpaaaqH 
nmypa, odecnenaBan? aocthtorho mapoKae sohh y ctobhjsbocth no Be- 
joaHEHe aanaca yoToflHHBOCTH Ha rpaaHqe nmypa c^ a ~ j- , 

B 0 - TopoHABJiBHoe nojie, - nojne Toaa, a - paAayo nmypa, 
J - tok b nmype). 

B CBH3H 0 STEM np6ACT3BJIHST HHTepeC paCHOTH npO$H- 

jm tore aa THpHHr-Hey ctoBhhboctb , T.e. HeycToflHHBOCTB npa koto- 
pofl pesoaaHCHaa MarHHTHaa noBepxHocTB fm- n = 0 ) , b 

oTjmnae ot bhhtoboB HeycToflHHBOOTH, hoxoahtch BHyTpa imaaMCHHO- 
ro nmypa ( 0 < < a. ). IlOAaBJieHHe TapuHr-EeycToflHH booth 

sa oner cneuHajammc AnyxcTyneHnaTux npo$ajieB dujio snepBae pac- 
CMorpeHO b padoTe [7 ] . npa btom dun hoBash npo$ajo> tore, ycTofl- 
HBBHB no 0TH0O6HHX HEX R BHHTOBOfl HeyOTOflHHBOCTH , TSK H RO BC0M 
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MO flaw THpHHT— Hey CTOjjHH BOOTH. HeCMOTpfl Ha HeXOTOpyB 8X30THHH0CTB 
HaflaeHHoro yCTO0HBBoro npotJaxH Toxa cymeCTByioT RBe iiphhhrh, no 
KOxOpmi fluyxcryneHnaTHe npo$HRH moi^t npeRCTaBJWTB npaxTHHecicHfi 
HHvepeo. 

IfeBeCTHO, HTO Ha HexEHeflHOfl CTaRHH paSBBTBH THpHHT— He— 
ycToflHHBOCTH b6je 30 pe30HaacH0fi noBepxHocTH aa paataepe ManuiTHO- 
ro ocTpoBa npoHCxoflHT BunojaxaBaHHe urothocte TOKa [8] , Tax hto 
Bnoime bo3«osho BO 3HHKHOBeH0e omaxemoro RByxcTyneHRaToro npo- 
$aaa b nponecce pa3pflja. Ho Rase, ecjm 3Toro He hpohcxorht ohmo- 
corjiacoBaHHO a RHyxcTyneaxaTHfi npo$0ju> He B03HHKaeT ecTecTBeH- 
hhm oOpaaoM npa RsoyxeBOM HarpeBe , HeoOxoRHMo accjieROBaTB cboA- 
CTBa thkhx npo$HJie3 , Tax hhe Taxae npo$0jai mohho C03«aBaTB cne- 
UH3JIBH0. B HaCTOHISHfi MOMeHT ROnaSHHTeXBHHe BHCOKOHaCTOTHKe weTo— 
rh HarpeBa (ejieKTpoHHo— uhkjiotpohhh2 h HanHe— raOpHRuaB ) yxe 
no3BOJWKre BKJiaRHBaTi, B nxa3My moirhootb, cpaBHHMy b h npeBHmarasym 
RgoyaeBy moirhoctb. A Tax xax bth mbtorh HarpeBa hbjwbtch jioxanB- 
HHMH, TO OHH, BOOtime rOBOpH, H03B0HHBT JopMHpOBHTB HeoOXORBMUe 

npo fmm Tona. 

B HacTOHmefi paOote npHBSReHH pe3yju>Tara pacaeTOB ycTofl- 
hh booth RByxnaputMTpHHecKoro cetseflcTBa CTeneHHax npo^aaefi Toxa 
OTHocHTejaHo THpHHT-HeycTo0HHBocTH , a t arose npoBeRpHo conocTas- 
jieHae 9 thx pe3y hbthtob c pacxeTaMH pafioTH [6 ] , rRe CTeneaHH? 
npo^Hjm HcojieROBajmcB oraocHTejiBHO HReanwiofl bhhtoboH HeycioH- 
hhbocth. flaaee aaajjHSHpyBTCH pe3j sethth pacaetoB thphht— ueycTofl— 
hh booth rrh crjiaseHHHx RByxcTyneHHHTHx npo^Haefl Toxa, hphborht- 
CH EX RHarpaMKH yCTOSHHBOCTH OTHOCHTeRBHO HH9HHX MOR {2/1, 

3/2, 3/1, 4/2, 4/3, 5/2, 5/3, 5/4), npoBORHTCH cpaBHeHHe arax 
RHarpawM c TeopeTHHecxauB bhborhmh paOOTH [lOj . B npBRoaeHHHx 
RaeTCH BHBOR aCHMITOTHHeCKOS (JOpMJXH ftJW HHKpeMeHTH THpHHT— 
morh npa MarHHTHofl bhskocth, CTpeMRineflca x Hymo Com. Tarose pa- 
(JQTH [9, 2] ) H npHBORHTCH BHajIHTHHeCKHe $OpttyXH RRH CrjIHXeHHHX 
RByxcTyn8HHaTHx npo$HJie8, HcnoRB30BaHHHx HaMH b pacierax. 


2. BoxoRHHe ypaBHeHHH 

EyReM HCXORHTb H3 JfflHBapHSOBaHHHX ynpOIHeHHHX THRpORHHaMH- 
necKHx ypaBHeHHfi, on paseRRH bmx rrh mor c m > 2 [9,6] : 

d /„ . dy 




a. 


T~° A = 
dr 


5 



3flect B034qymeHHne Beaa^HHu: npofloJiBHa a KOMnoHema BeKTopaoro 
noTeHiyiajia /4 a CK&napHufl noTeHuaaji y> BHOpaaa b bh jig 

f(t)*xp (- ltof + I* 6 ' '■'■f) , !< u = fT X ( ^ ~ n) . 

JiM MHCBeHHoro caexa jhoCho nepefira k CespasuepauM nepeueHHHM: 

4 y =• - t co 7? 


/•“ 


^fo/s 0 2 , = r o <T)/ fo f 0 ), 


y = 


Ait R 

B 0 -c 


J O I 


V 


e*-R 

IfXSiO ) 


J kx t 0 /3j r 


/«. = S ( D /< T ( 0 ), 


npa 8 tom ypaBHeaaa (2.1) a (2.2) npatqyx caeayniinfi bhr: 


r‘F 

l dr (tf 

' 

- tn?" £ f] + m. x 

ii l = 

dt / 



•K, 




(2.3) 

dt 1 

' & ) 

- Hi 1 / 

* T U ( K„ f * 

+ ). 

(2.4) 

rue 







«, 

= my ( x) - , 


(2.5) 


r * 

/ 

* 

f z j(z) dz , 


(2.6) 

HyCTB 

X - CL 

ecxB rpaaaua iua3Ma-BaKyyM 

a x = b - 

BseanBHO 


npoBOflfugsfl aoxyx. rpaatma njiasaeaHoro may pa Q < b onpejtejwexca 
ycaoaaeM j(t) = 0 , f s (t) = 0 npa x > a . rpaaa«i- 

aue yCJIOBHH HMeCT bhr 
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VLO)= f(0) = <f(b) = fib)* 0 ( 2 . 7 ) 

FesoHaacHaa MarHamaa noBepxHOCTB hjih pesoHaar.iHfi pannyc onpe- 
fleaHETca as ycaoBUH 

K||f‘ t i,)=0 , hje m . (2.8) 

B tom cayqae, Kor^a Toasa pe 30 Haaca HaxojoiTCfl bh^tph 

iua3MeHHoro nmypa ( 0 < 1 4 < ^ ) , Moser p &3 be bstbcxh thpbht- 

HeyCTofl'fflBocTi. 0 EHKpaMSHTOM X ( [9 J , cm. Taicxe npmioxe- 
Hae I): 


T~ 0.5 5 


V v f (fn.ifry,'-* 


/ / r / - 1 ‘tt 7 ** + J 

£ = [ f J J _ , 

*- / C7* ^ ~ £ » 


(2.10) 


a /(*) ecra pemeHae ypaBHemia (2.3) c r=0 , npa ycao- 

BHH BMOpOBteHHOCTH K ^ 9 * j = 0 , 

x zS x z;) ' mV - y 4 UAl) 

c rpaHH^HUMH ycjioBaHMz (2.7) a npa 

f(x>-0) = fCXt-t-O)' (2.12) 

Bee BejniaHHH / , f s , f ' b $opMyae ( 2. 9) BiraicaaDTca aa 
pe8OHaacH0fl MarHHTHofl noBepraocxH t-* .Ha $opi^JiH (2.9) 
oaeflyeT, hto THpaar-HeycTo2'mBOCTb pa 3 BHBaeTCH tojibko npa ycno- 


&! > 0. 


(2.13) 


BejMWHBi A > 0 nponopqaoaajiLHa BBKpeueBTy a 6yger paccaara- 
BaTBca HaMa npa saaaaHHi npogsuax tokb. 
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3. CTeneHHiie npogara toke 

B paci ore [6] 6mm npuBeseHH pe3yju>TaTH pacqeroB aneajQHofl 
BHHTOBOfl HeyCTOfi’fflBOCTH JUIH CTeneHHHX npO^HJiefl TOKa BHflE 

j'M-jo E 1 - (a) P l*. (3.1) 

Ha pno.i-4 npasenaHH pesymiara paoaeTOB thphht— H ey ctoB'ihbocth 
pm npo$HJiefl uoro se aana. ConocTaanease pesyiitTatou paOoTH [6] 
c HacToaiDBMH pacaeTaua «aeT bosmoshoctb nojiyaHTB norayn Kapm- 
Hy KpyiraoMacmTadHHX HeycToflaHBOCTefl, B03Cy*naeMux tokom, am 
CTeneHHHx npapaJiefi bus (3.1). ITpo$Hjm BH^a (3.1) kbjwbtoh 0606- 
lueimeM npo#jie0 c p = 2, paccMaTpHBaBnmxca b paCoTax [3,5j . 

CTpymrypa pnc.I-3 ontmaKOBa: Ha aepT.I®' asodpaaeiM Tpa 
npo$njw TOKa, oTjmanmaecH npa sanaHHou noKasaTexe v= i noKa- 
aaiejieM p ( p =1,5; 2; 4); yBeraaeHae p iiphbouht k 
yonomeHHD npo$ana tokb b nempe h yBejmqeHHB rpajmeHTa TOKa aa 
rpamme raypa, Ha HepT.I 6 ' asoCpaxeaH oTHopjmpoBaaHHe Ha Bejm- 
HHHy c^ a cooTBeTCTaymme npotfara ko8$$hiih ghtb aanaca ycTOfl- 
hhbocth , a aa aepT. I , I , I s npaBeaeaii jmarpaMMH ycTofl«m- 
booth b KoopwiHaTax a' , q a ~ l /j .Ha phc. 2 noKa3aiejib 
V = 1,5, a H a phc.3 * = 2. 

CpaBHBHHa aepr. I BJ - I®' , aepT. 2 s ' - 2 ®' ana HepT.3 8 '- 
3®' noKaaHBaoT , hto yBejmaeHae napaueTpa p necTadHjmaHpyeT 
npottnuii. Toxa, T.e. yueHBmeHae iuiothocth tokh b ueaTpe a yBera- 
aeaae rpawieHTa tokh Ha rpaaaqe ray pa Bpmm hh TapHHr-aeyoTofl- 
HHBOOTB T0HH0 THE se, KBK H Ha BEHTOByB HeyCTOflHHBOCTB 00 CBO- 
doflHofl rpaHzpefl [6] . 3seci> mokho yKasaxt hh cjieaynimfl odmafl 
npHHqan: TapHHT-aeycToflqaBocTB pm saaaeHafl <^(a) , drasKnx 
k wi/n. t cymeoTHyer (i.e. A ' > 0 ) toalko b tom cjgyqae, 

Kor«a cymeoTByot neat Hey ctoAhhbooth pm aneanBHofl bhhtoboB mo- 
m npa 

%( a > < K ■ (3.2) 

yoaoBae cymecTBOBanaH tohkh pesoHaaca BayTpa naasMeHHoro 
may pa, T.e. HeoCxozmMoe ycaoaae Tapaar-^eycToflaaBoora , iiphbohht 
k Tony , hto pm naHHofl MOflU *n /«• c ooTBeTCTsy mm e 3HaaeaHa 

q (a) jiesai b HHtepBajie 


m 

71 


< fyla.) < 


(3.3) 
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<l fa > m 
<^(0) n 

Tskhw ofipa 30 M, cpaBHenze naarpaiiM y ctoAhubocth c pe3yju>TaTaMH 
pafioTH [6] no3BOJweT onpe^ejiHTi re moah m/n , Koropae He- 
ycTofl'mBH BdjaiSH AeBoro KOHna HHTepBajia (3.3) , oooTBeTCTByromero 
Tonne pesoHaHca Ha rpamaije ruia3Ma-BaKyyM. Upasowy KOHiiy 9Toro 
HHTepBajia OTBenaeT OHTyanjiH, Korna TOHKa pe30H8Hca CTpeMHTCH k 
H eHTpy mnypa. OoseiieiiEe A 1 b stom npejjejie onpeAejweTca 
CB0flCTB3MH HpO^EJlS TOKH B OKpSCTHOCTH UeHTpa tHHypa [lo j . JJjIH 

npo^HJiefl BHfla (3.1) noBeneHae a' npa q(a)-* q.j£) . m _ 0 

* Cf,(0) 71 

onpe^ejweTca BejmnHHaMa p h m : neM dojitme p , mm 
dojiBine HeycToflHHBHX mo a. Tan npa p= 2 HeycTo0HHBH mo ah 
-m = 2,3, npa p = 4 Hey ctoAhhbu mo ah m = 2,3,4. Jjw 
HeaejMX p owe tru, nio npa p =1,1 HeycToflnHBa toxbko 
M ona 2/1, a npa p =1,5 HeyCTO0HHBH moah c m = 2,3. 

CpaBHeHae nepT. I B >. 2 s0 , 3 b ^ , KorAa (JiHKCHpoBaH noKasaTejn, 
Z 3 a MeaaeTCH V (V = j; 1,5; 2 ), aHajiomHHO nepT. I r ', 
n I s ' , 2® , 3 , D0Ka3HBaeT, hto miKHpoBaHHe tokh b 

ueHTpe h yMeHMieHae rpaABeHta Ha rpanaue mHypa CTada jmsupy eT 
npO$HBB TOKa OTHOCHT0JIBHO THpHHr-HeyCTO0HHBOCTH , T8K xe K3K 
3 to Ohjlo h b cjiynae HAeantHofl bhhtobo 0 HeycToflnn booth [6 j . flna 
Toro, hto6u npne noAnepKHyTB CTadanHsapyimHe cbo0ctb 3 Tarax 
npo$Hjiefl Ha pac.4 npaBeAeHH nepTesH rjw ocTporo npo$Bjw c 
^ = 5. Ite AaarpaMMH ycTO0HBBOCTH Ha nepT.4 B ^ bhaho, hto npa 

$(C() < 4 HeycTO0HHBa awn. oahb moah m/n = 2/1. Ha 
nepT.4 1 ^ npuBeAena ah arpama y cto0hhbocth b KoopAHHaiax a' , 
Z^ , 03 KOTOPO0 BHAHO, HTO HeyCTO0HHBH e®e ABe moah 3/2 H 
3/1, ho npn dojunnix ^(.d) , T.e. npa MajiHx TOKax. 

flnH Toro, HTOfiH HCCAe AOBaTB BJIHHHHe Ha yCTO0HHBOCTI> CHMOrO 
npo$HJia TOKa, kotah $HKCHpoBaaH Kan iuiothoctb TOKa b ueHTpe 
nmypa }o • T.e. BejEHHHa cj,(D) , Tax b nojiHHfl tok b nmy- 
pe J , T.e. BejmHHa <^(a) , Chjih cneqHajiBHo BudpaHH abs 

npO$HJlH TOKa BBAa (3.1) c OAHHaKOBHMB SHHHeHHHMB OTHOmeHHA 
q(a)/^(0) a HOCAeAOBaHH ax CBO0OTBa H6ycTo0nn booth Has no OTHome- 
HHJD K B AeajlBHHM BBHTOBHM MO ASM, THK B THpHHT— M0A3M, IHC.5 AaeT 
BO3MOXH0CTB OAeHHTB BJfflHHHe npO$HJlfl TOKa npH $HKCHpOBHHHHX 3 HH- 

neHHAx cy(O) h c^(a) na oda rana Hey cto0hhboct 60 . npocpaai, 


c 


c V = 2.0, p = 3.65 0Ka3HBaeTCH Cojiee ycToli'HiBHM no oTHome- 
HiliO K HfleaiiBHiJM BiiHTOBHM Mo^aw , new npocEnm v 1 =1, p =2. 
IipBnMHa oToro oficysnaaaci, b [6] n CBH3aHa c CicJiee nxaBHUM nos- 
xoflCM nepBoro npo$aaa k rparnme nxa 3 Ma-BaKyyM, new y BToporo 
npcxjHjw. Jim THpnHr-wofiu cHTyannn MeaaeToi a Cojiee ycToflmiBHM 
0Ka3UBaeTCH napaCojiHHecioifl npo^nm ( V = I, p = 2) - y Hero 
MeHinee hhcjio HeyCTOliHHBHx mor. 3to HBjieRae CBH3aHo b oohobhom 
c TeM, hto napaCojiHHecicnJi npajiiiii HBJweTca doaee "oCTpuw" .b 
qeHTpe nrnypa. One pesne tot $bkt , hto hh HReajiBHyio a rapunr- 
HcyCT 08 HHB 0 CTH BJMHiOT pa 3 ffilMHHe CBOijCTBa TipOq'iHJLH TOKa, npOHBJlH- 
eTCH Ha pac.6. Sflect paccMOTpeHH ebb CTenenHHx upo$«afl TOKa 
B2.ua (3.1) c OflHfiaKOBUMji HBarpaMMaiva nueajiBHoi! bhhtoboH He- 
ycToiiqHBocTH, ho cymecTBeHHO pa3jiHHHUAia pjiarpaimam rapKHr-He- 
yCTOflnHBOCTH. 

Kan BB 3 H 0 H3 npoBefleHHHx pacneTos, T 0 J 1 BK 0 "OCTpHe" CTeneH- 
aue npo$njui c \>2-2 , f> > 1,5 HMeior mejm ycToUHHBOCTB no 

BejWHIlHe c^(ci) OTHOCHTejLbHO JUOCHX MO«, BO30yx«aeMHX TOKOM. 
HanpHMep , Ha nepT.3 B ^ - 3T0 oneHt MajieHBKafl meju, 2<<l la )< 2,05, 
a hh nepT.4 B ^ pm ovenb "ocTporo" npajmm c V = 5, p = 2 - 
3to peaaiHan mejia 2< q,(c i ) < 3,53. B nocjieflaeN-. npaniepe nomull tok 
MoxeT MeiiHTBCH b npoqecce pa3pa«a b 1,6 pa3a, a njia3Ma OyueT 
ycToilHHBa. 


4. JlByxOT.vneHHaTue noo^izan TOKa 

AHajiaranecKoe Bupaxeme pm crpaxeHHux pnyxCTyneHiarux 
npoimjiea , HcnojiB3yeMoe b pacaerax, npHsepsao b npajioaewua 2. 

Tpn xapaKTepHHx npo$iijin H3o6paxeHii Ha pnc.7-9 (CM.nepT.^^, 8, 
9 a ^), na 3 Tax xe pucyHKax E3o0paaeHH n EHarpaMMtj ycToHmiBOCTH , 
T.e. saBHCHMOCTB BejHHHHH A ' OT C^tCL) at, . IlpO$HJlI. 
TaKoro BH«a dux HcnoJiBsoBaH b paCoTe C7] npn nocTpoeHHH "onTE- 
.vtautHoro" uoPHocTha ycTOHHHBoro npofynm tokb. AHa®!3 saarpaMM 
a ( q,(a i) noxasuBaeT HajuMue rayCoKHx "npoBajioB" 3aBHcn- 
MOCTH a' OT q,( cl) . 3te npOBajffi CBH33HU C H3JIOMaMH npO$Hafl 
Toxa: BexEHEHa a' pe3Ko nauaeT, xorfla TOHKa pe30HaHca npn- 
OjuixaeTca k KOHqy CTyneHeK, rae HMeeTCH H3Jiom npo^Hjw TOKa c 
OTpiiqaTexBHHM CKaKKOM npOH3BOHHO0. flpH npnOxHKeHHM TOHKH pe3Q- 
Haaca k Hanaj^y CTyneHeK npoacxoaHT pe3KB3 noateM A , cBH3aa- 
HH0 C H3J10M0M npO<JiiUlH TOKa C nOJIOXHTeaBHHM CKaHKOM np0B3B0HH0fl. 
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Hananae "npoBanoB" b sbbbchmocth a! ot c^(a) (a xaiose ot ) 
npHBOflBT K nOHBJietiHD JiaKJH yCTO0HHBOCTH AW crnaxeaHHx Ksyx- 
CTyneH^arax npo$anefl Tona. "OnTHMajame" nonHocTBD yoToBaBue 
npajana k3k padoTH [ 7 ] . tbk h nocTpoeHwe Ham , neaaT khk paa 
b a 'rax naayHax ycTO0HHBOCTH . OrueTau, hto, Kan npaBano, nattymi 
y ctoBhhbocth ae oaeHt Bemw no cbohm paauepau nan no BejraaaHe 
fy(a) , Taa a no nonoxeHHD tohkh pe30Haaoa i* 

Ha pac.7-9 paccMOTpeao Bjnmaae napaueipoB crjiazeaaoro 
OTyxcTyneaaaToro npajianfl Ha ycToSaHBOCTB bhhtobhx h thphht-moa. 
npo$aju> Tona, asoOpaseaauB Ha pac.7, odnanaex aoboabho mapoKOfl 
ueHTpajiBHoB aacTBB a HedomnaM nBenecTanoM. B obh 3 H o stem oh 
ae maeeT naayH ycToflaaBOCTH no BceM mo aw oflHOBpeMeHHo, xoth 
no OTae^BHuu mo flaw 30 hh y ctoBihbocth cymecTBycr. Hanpaw-ep, jyw 
mozw 2/1 ero 30Ha ycToBaaBOOTH ecTB HHTepBan 2.4< C^.( a) < 3.1, 
a Ana mow 3/2 - HHTepBan 1.8 < CJ-(Q-) < 2.7. 0 tm 6 thm, hto na- 
Kyaa ycToflWBocTH Bcex moa no a* , KOTopyo mozho aa&wRa-Tb 
Ha pac.7 r \ He peasasyexca b sKcnepaiieHie npa aanamoM hoahom 
T one, t.k. cooTBeTCTBynuae stoB aaayHe mew ycToBaa booth no 
<^(a) AW pa3WHHHX MOA H6 nepeKpHBaBTCH (CM. PHC . 7®) ). i3H- 
hhB npcxJuuiB BMeeT taitxe sohh HeycToBanBOCTH oraoCHTejiBHO BHHTO- 
BHX MOA CO CBodOWOfl rpaHHtiefl , HTO MOSHO BHfleTB H3 PHC.7 1 '^ , 
nocKojn.Ky a' >0 n pa ( ’i+Zol -+ L- 0 ) t jiexangix Bdnasa rpaHEgu 
nmypa. 

Ha pao.8 paccMOTpeau pesynBTara pacaeia npo$ajw tokh o do- 
nee odocTpeHHofl ueHTpanhHoB aaCTBB a donee mapoKHM nBenecTanoM 
no cpaBHeHHB c npewsyoHM paoyHHOM. Jinn sToro npocJamH mow 2/1 
a 3/2 HMeBT cmpoKae 30HU yoToflaaBOCTH: 2.4 < cj(a) < 3.8 h 

1.8 <<^W< 3.4. 3tot npog&WB Tarace HMeeT 30 hh neycToflaaBoexa 
OTHOCBTenBHO BHHTOBHX MOA CO OBOdOAHOfi rpaHHpeB , HTO CBH38H0 C 
oTHocHTenBHo donMHM rpanaeHTOM npo^ann tokh j(t-) BdflH3H rpa- 
HHipj urnypa. 

Ha pac.9 npaBeAeHH pe3ym>TaTH aw npo$ann tokb c peaKO bh- 
paxeHHHM MaKcaMyMOM nnoTHooTa Tosa b qeHTpe, HedowmaM nbene- 
CTanoM a mbahm rpanaeHTOM npajana TOKa Bdna3a rpaaauH oraypa. 

Ann 3Toro npo$ana cymeciByDT we Banyan y ctoOhhbooth no boom 

M0A3M, KpoMe m = l : q,(a) <r 2.15 ( cpCO) < o.54) h 

3.9 < c^(a) < 4,3 (0.98 <<^(°)< 1.08), npaaeM otot npo- 

$BAB yCTO0HBB OTHOCBTenBHO Bcex BHHTOBHX MOA CO CBOdOAHOfl Tpa- 
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rnmefl, hto odwicaaeTCH b ochobhom msjihm rpafljieHTOM j(f-) 
b 6/M3H rpaHHijH nmypa. 

TaKHM odpasoM, npoBeneHime pac^era noKasHBara, wo cne-. 
HHajiiHUM npcxJaumpoBaHHeM Tcrna mohho odecneiHBaTB mejta ycToflaH- 
bocth naa3MeHHoro cmypa no q,(a) oTHocHTejUiHO bhhtobo2 h th- 
pHHr-HeycToflHHBOCTefl a TeM caiJHM npenoTBpamaTB CpUBH B peajrbHOU 
BKcnepHMeHTe . 


L! Ulfily : A3j» \ Tf : W ’■ < >1 * « ¥ M H j I \t- W ■ » : 


npH v — *• 0 . 

PemeHae ypasHcmiH HneajrbHofi MTfi (2.II) HMeeT ocodeHaocTB 
b ToaKe pe30HaHca 

f(%) ~ C (i-*+) Ll'i-'iil + Cj. (*‘**)* • 

Tfle C-J. OTHOCHTCfl K OdjiaCTHM t> Y i H 't < *-i , H 


(OM.pHc.io). B nojmHx ypaBaeHHHX (2.3), (2.4) npa KOHeqHofl . npo- 



Ehc.IO 

BOflBMOCTB V B OKpeCTHOCTH TOHKH peBOHSHOa CpOHCXOKBT OTJia— 
niBaHBe stbx pemewifl (cm. pnc.n). Ana nocTpoemu orzazeHBHx 
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pemeoafl sanmaeM 


PHC.H 



fir) = i * 1,01 t(^), 


~ v~^ 


r«e oL > 0 ecTL aeH3BecxHHfi napaMOTp. ItoHCTasHM b ypaBHemw 
(2. 3), (2.4) 3TH cooTHomeHHfl h yaepsHM cTapnme <meHu no v 
B pesycbTate mb nonyiHM cacTOMy (t" = ^ ) • 

. n 

— ^ = -^r ^ [ w/l' i,) t ^ + l]. (114 

«tr i V 

CpaBHeime CTeneHefl ) a v aaeT: 


7 1 v‘ 3oi ~ 1 


?y“' 1 - i , 


oTKy»a oL-Vs a r~ v /y • 3aname» 


- , 3 ^ 
■g = i t 
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noApTaaora 8 to cooTHomeme b (113) ,(114), HMeeH: 

- i cL ‘ L 1 

r d^ = aT a^ +t - (D6) 

0 = 7 (c^?.d), m 

me a= ^il 4) , b=- c s f (tj )ni/W 

•f (t*> % f f txO » 7# * ' 

Jfo ypaBHeruafl (II6),(II7) ojie«yeT ypaBHetme Ha <P : 

- facT ** - > b era 


Ilpa jrodoM y > 0 s to ypasHeHae aweeT ejyiHCTBeHHoe orpaHaneH- 
Hoe pemeime a a to pemeHHe HMeeT npa v — ► ± oo acaraiTOTHKy 

- _ _ d T -± b o, -*\ 

T C 


0 (<'C|' 5 ) ( 119 ) 


IIOflOTaBHM 8Ty aCHMnTOTHKy b ( 117 ): 


OTCBRa 


i-r = --i«-‘ + o 


ff=-i k in 

dr a 


^ §tx:)« 5 ± . 


Ms yOBOBHH ciuieflKH pemeH afl BHyTpa 


norpaaaHaoro caoh a BHe Hero aweeM cooraomeHae 

= 5 + ' 5 -- (HI 

OoxanocB HaflTE cbhbb 7 ha'. Hmbom: 

A . j. — A , 

A - S - f r &*H f <Lt: =L-~ ? f (ct? I- d) dx. 

~ 5 ' A-oo-A ^ A _oo -A A 

Heraas aaon> $yHKqaa <f He aaeT brasah b [ , nosTOHy- 

_ = -A 

KH leozeu 38I8BHBTB f Ha $yHKQHB <f , y HOBAe TBOpHBCJl B 
ypasHeaHB 
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— 2 . d V - 2 = — j 

r - * act * tp = n ad. x. 

dt 


jyia npHB6fl6 HHg 8Toro ypaBHBHES K OespasuffipHOJ^y BHW CReaaeM sa- 
MBHy nepeMeHHHx 

rma JT ™ 3) 


Tor.ua nojiy^iiu: 


<£* - *>*?= >cO 


> _ ( s ' / ' aC ) _ d ( S ) ^ . ItyOTB % 60TB 

" ?ar ~ - W 


pemeHHe ypasaeimH 


= 60 • 


Torna <P = •> ‘f 0 h 

A / — \ < 

b! - a L,**- [ ( c tif + iJldt - i (-J 


k-*oo - A 


L* f (c a v> 0 fu»+ d.) d«3 - 

A -* 1 * 5 

_ y (1)^ (1 L~ f ( O ?„(“>) + i ) 

oo ~A 
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£ = f (u> +• 1 ) 

0 A -» OS -yA 

C noMono>» o6pa®8HHK no^y'ieHHoB nueeu: 


tT - A / ♦'Sr r . /, iW 

* - c 0 a ( **1/1) ft f r 

hjm c yqeTOM (115) 

r- C/ **„'«• (^J 5 /r (™y/i )*/;'* tme 

3X0 a ecxB hckom&h $opKyjia. UlapHHa <5 norpaHa^Horo cjioa Haxo- 
flHxca as fopMyji 38 mbhh nepewenHHX 't = ^ a 'C =ui (^- c ) >/ ’ 

r_ ,%/lf, „<* f Ue 

Vac / m^' 2 / ff ' (IU7) 

r -«/r / Vr/i- \Vr N - 2 A . </*■ 

’ C „ * If.) f ” 1 / 0 ■ 


. - 2 A , - 3 A r - i/s- 


If 


OTUeTBU, HTO KOHCTELHTa C Q flOIiyCKaeT CaejQfHUyK) HHTGp— 

npeTamw. HyoTt ^ <•* ) botb pemeaae 3 asaqa 

y " - * 2 y =■ 0 , (ins) 

^x=0 = 1 - 0 (IU9) 

Tor«a C 0 =-ac^(Q) . ij !C , a eHHoe pemeHae samara (IH8),(III9) 
naeT C 0 = 2 . 12366 . ToHHoe 3 HaBeaae C 0 Chjio HaflReHo <Sk>ptom: 

T(Vv) 

f = 2 It = 2 12 36 5" 

u o 

r (VO 


B KaqecTBe crzaxeHHofl CTynemaToB $jhkiihh ynodHo zcnojrt- 
SOBaTi jiy HRnz n 

i A,B,C) “A (i+ x' 1 ^^ LB(--C)]}, 

saBHcamyo ot napaMeTpoB A , B, ^ . BejoumHa ,4 3anaeT 

BHCoTy ctyneaiKH, B> - ee apyrasHy, C - ee KoopwiHaTy. 
Hpa nocTpoeHHB nByxoTynemarax npo$ajiefl toka mu nomaoBamci. 


Mx- t A if s lf c t , A a ,B v C x> = V x * 'V 


8aaHCfltnefl or meciH napauexpoB . Mx BapMpoBaaze nosBtoweT H 3 «e- 
hhtl K0jm'iecTB8HHHue xaparcrepHCTHKH craaxeHHofl OTyxcTyneHaaTofl 
fyuEmm - Kpynsay cxyneHeK, hx bhcotj h oraocHTextHoe pacno- 
juneme. Otmstui sHcraaHBH napaweipoB nna npajuuiefl , HaoCpaxeHHiix 
Ha pio. 7 - 9 : 


PHO.7 

PHC.8 

PHO.9 


A,/ A - 2, ^=8^ 6 S~ os > 
A 1 /A z - t , 3* » ^ =6 ' Ci= ° 3 ' 
\/A % *2, B t - B t - 6 - C *= oi ' 


C a = 0.9; 
C a = 0.9; 
C 2 = 0. 7 
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